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THE DISTRIBUTION OF ELECTRICITY BY MEANS OF
SECONDARY GENERATORS OR TRANSFORMERS.

By J. KENNETH D. MACKENZIE, Member.

One of the difficulties which arises in all transmissions of
electrical energy is the conveyance of a current suitable at one
and the same time for any and every class of receiver. Each
receiver requires, in order to work under proper conditions, a
current suitable to itself, which current must have the proper
proportions of potential and quantity. Now, as it is necessary,
when the factor of distance is brought in, to increase the potential
of the current in order to overcome the resistance due to that
distance, it follows that receivers cannot be used which are not
capable of supporting the particular current necessary to work
them at an increased distance. In the transmission of the current
for glow lamps the distance is determined by the resistance of the
lamps.

If it were a question what type of glow lamp is best, the reply
would mainly be, that one whose resistance is the greatest—other
considerations, of course, such as efficiency, being equal. Should
it be necessary to convey current for lighting purposes over a
radius of several miles, the resistance then incurred would no
longer be in proportion to the E.M.F. necessary to be employed.
Likewise, in the transport of power over, a given distance, if each
motor corresponded to a certain construction, it would be
necessary to modify and vary each one, according to its position
from the main source. Lastly, if it were a question of trans-
mitting electric energy to work at the same time arc lamps, glow
lamps, and motors, the current suitable for one type of receiver
would not be adapted for the others; in other words, according to
the nature of the receiver employed, so must be also that of the
current.

It was to overcome these most serious difficulties which stood
in the way of the practical development of electric lighting and
transmission of power, that Messrs. Craulard & Gibbs grasped
the idea of interposing at the receiving point between the supply
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wire and the receivers, a supplementary apparatus or generator, as
a transformer of energy, which would deliver to the receiver with
which it was connected a current proper to such receiver. The
secondary generators thus in a manner prepare and modify
the current transmitted from the source, and give it the
necessary proportions of potential and quantity which the par-
ticular receivers supplied by them require, in order to work at
the highest point of efficiency.

This idea in itself was not new when M. Graulard commenced
his experiments, Jablochkoff, Fuller, Sawyer-Man, Sir Charles
Bright, and many others having previously striven to bring the
matter to a practical issue ; but success did not crown their efforts,
for the simple reason that the basis of all their experiments was
the Euhmkorff coil more or less modified; and it was only when
M. Graulard came to the conclusion that induction apparatus
constructed upon the theory founded by Faraday, and exemplified
by Euhmkorff, was unsuited for the purpose, that a step was made
in the right direction.

The principles underlying transformers may be clearly seen
by reference to Figs. 1, 2, 5, and 6, where what may be called
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the " Ruhmkorff and Faraday" type are shown, and the
Craulard type in Figs. 3 and 4.

In the figures illustrating this paper " primary " or inducing
current wires are shown in black, and " secondary" or induced
current wires by dotted lines.

In the Ruhmkorff type the secondary is either superimposed
upon the primary, as in Fig. 1, or it is wound upon a core dis-
tinctly separate from, though contiguous to, the primary, and is
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alone acted upon by the magnetic changes set up in the core,
as in Figs. 2, 5, and 6. It is for present purposes immaterial
whether the core is polar or non-polar. In the Graulard type
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the secondary is placed in an identical position in regard to
the iron core with the primary, and is thus acted upon both
by the core and the primary or inducing circuit, as in Figs. 3
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FIG. 3.

and 4. This is one of the two principal features wherein the
Graulard-Gibbs transformer differs from all previous ones, the
other principal feature being that the metallic mass of the
two circuits is equal; and in these two details of construction lies
the secret of the success obtained by these gentlemen.

Other improvements in the construction of these instruments
—such as making them non-polar, increasing the mass of iron
to prevent loss through saturation, and other details—came after-
wards, though, from the number of ingenious minds directed
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towards the development of the system thus practically started,
such results were only to be looked for; but the following
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summary of what are now known as essential features in transformer
construction may undoubtedly be ascribed to M. Graulard:—

1. The reduction to a minimum resistance of the primary
and secondary circuits.

2. The obtaining of a maximum coefficient of induction in
the two circuits with a minimum in the dimensions
and weight of the apparatus.

3. The placing of the primary and secondary circuits in
identical positions in respect to the core or magnetic
field.

4. The proportioning of the two circuits, primary and
secondary, so that their metallic mass should be
equal.

TO GENERATOR
FULLERS POLAR TYPE

FIG. 5.

Given these essential features, necessary for the construction
of an efficient instrument of electrical conversion, it is easy to
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see that the mere details of construction may be varied almost
ad infinitum; and such, it appears, is now the case.

In the earlier type of secondary generator, such as was
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employed in the lighting of several stations on the Metropolitan
Eailway during the early part of 1884, the transformers were
made of a wire cable (Fig. 7) composed of a central core of

POLAR TYPE.

FIG. 7. FIG. 8.

No. 8 B.W.Cr. copper wire, insulated, and surrounded by six cables
laid thereon, each containing twelve insulated strands of No. 24
B.W.Gr. This central No. 8 wire constituted the primary circuit,
the 72 No. 24 wires forming the secondary circuit. The cable
thus formed was wound round a soft iron wire core, suitable
terminals being provided for connecting the primary to line and
the secondary to the lamp circuits. As may perhaps be remem-
bered, five stations were lighted, viz., Notting Hill Grate, Edgware
Koad, Grower Street, King's Cross, and Aldgate, the generating
plant being placed at Edgware Eoad Station. The primary
conducting wire'was about 15 miles longhand was formed of
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seven strands of No. 16, the current in the primary line being
about 11*3 amperes.

These generators were fitted with brass shields to the cores,
by the lowering or raising of which more or less of the cable was
exposed to the influence of the cores, and thus enabled lamps of
various potentials to be employed from one apparatus. It was
principally the desire to show how the potential of each column
could be varied which induced M. Craulard to make his
transformers of a polar form, it being afterwards decided to
make them non-polar only when the exigencies of actual and
permanent employment of the system on a practical basis
required such a change. The advantages accruing from this
form were of course apparent from the first, and the matter
was the subject of much discussion between M. Graulard and
myself at that time.

As is well known to electricians, the value of a current
induced in a secondary circuit by one flowing in a primary
depends principally upon the four following conditions of the
primary:—

1st. The strength of the primary current.
2nd. The rapidity of the interruptions or alternations of the

primary current.
3rd. The number of spirals which compose the circuit

traversed by the primary current.
4th. The number of spirals which compose the secondary

circuit.
The influence of the iron core upon the secondary current is

for the present neglected.
In the first condition above given, the secondary current

increases, as the square of the ampere value of the primary;
and in the second it increases directly with the number of
alternations or interruptions of the primary.

Conditions 3 and 4 affect the potential of the secondary
circuit. It would hence appear advantageous to employ a large
ampe're primary current with a fewer number of alternations,
since in the first case the generation of an induced current
would be proportional to the square of the inducing current, and
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in the second case only directly proportional; but bearing in
mind the formula

W = C2E,
C should not be greater than is consistent with practical efficiency.
On the other hand, should the factor C be kept low, an increase
of secondary energy would have to be obtained by increasing the
number of alternations, and this might bring about loss through
heating in the iron core round which the two circuits are formed
in the secondary generator, and therefore it is necessary to
establish a relative proportion between each of these factors.

The multiple-cable form of transformer first used by Graulard
was discarded for one in which discs of copper of the form shown
in Fig. 8 were employed in some cases for both primary and
secondary circuits, and many of these are still in use. The great
advantage that resulted from this form of conductor was that"
each turn of either circuit was directly upon the insulated core,
and that no superimposed layers involving loss through mutual
induction between the spirals were necessary.

This question of mutual induction in superimposed layers of
wire, one with another, is of importance, as it is easy to see that
since each wire through which an alternating current is flowing
serves as a medium for inducing a current of an opposite
direction in the one next to it, which consequently acts against
it and against the third or succeeding one, and so on throughout
the series, a loss is bound to result.

Transformers, like other electrical instruments, can be con-
nected in several ways, but the only two that need claim notice
are the series and parallel methods of connection. So much has
been said and written upon this subject of late, and such peculiar
statements made, that I deem it advisable here to make a few
remarks.

When Messrs. Graulard & Cribbs first exhibited their system
at the Westminster Aquarium, in the beginning of 1883, only
one transformer was there shown at work, and this one was
consequently either in parallel or series with the dynamo. The
advantages that would have resulted were a series ' system of
connection possible being so apparent, M. Graulard inclined more
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to this method of working, and used his best endeavours towards
arriving at a successful result. He knew the impossibility of
directly maintaining a constant potential in a secondary circuit
whose resistance was being varied whilst the current in the
primary was kept constant (an essential feature in series
working), and therefore strove so to construct his apparatus that
the action of .the core- upon the two conductors should vary with
the alterations of resistance in the secondary. This he did by
altering the position or exposing more or less of the core, and
some attempts were made to effect this automatically.

As has been before said, the value of the secondary circuit
varies directly with the square of the current in the primary, and
directly with the number of turns; other considerations, such as
the magnetic influence of the core and the number of current
alternations, being constant.

The E.M.F. of a secondary circuit, however, is dependent upon
another important factor, namely, the resistance to which it is
opposed; and the following table of experiments made by M.
Uzel, and published by Professor (xalileo Ferarris in his report to
the Jurors of the Turin International Exhibition, 18853 shows the
increase of secondary E.M.F. with increase of resistance. It will
be observed that the current in the secondary falls at the same
time.

PRIMABY.
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where A = amperes in primary, V = potential at poles of gene-
rator primary, A1 = amperes in secondary, V1 = potential at poles
of secondary, K = resistance in ohms of the outer part of the
secondary circuit.

VOL. XVII. 9
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It will thus be seen that the resistance in the secondary forms
an all-important factor when designing apparatus for producing a
required result; and a long series of experiments has established
a certain ratio to be observed in order to obtain the effect sought
for.

Experimentally it was found that with a certain current in the
primary circuit of a given number of spirals or turns a certain
electro-motive force was obtained in the secondary with a given
resistance, and upon these data the construction and design of
apparatus employed as series transformers were based.

The work done by the primary current when traversing a
number of generators is proportional to the resistance offered by
these generators, or, in other words, by the counter E.M.F.
opposed to the primary current by the secondaries. This neces-
sarily is proportional to the number in use, and also proportional
to the individual resistance of each secondary.

It can therefore be seen that the total energy of the primary
current varies directly with the amount of work done by the
secondary circuits of the generators, thus enabling complete
economy in working to be obtained.

The economy resulting from this system of working in series
would be substantial were it also possible to ensure constancy of
potential at the same time between the poles of the secondary
with a varying resistance in that circuit. The difficulty is that
the E.M.F. increases in the same ratio as with the resistance;
and this, consequently, points to the fact that transformers, when
connected in series, must supply lamps also in series, or, in other
words, the external secondary circuit must diminish in resistance
as the lamps are turned out, instead of increasing, as is the case
when the lamps are in parallel. More than two years ago I made
some experiments upon this subject with Mr. Bernstein, the results
being perfectly satisfactory so far as regulation went. Another
way out of the difficulty, if series transformers and lamps in
parallel are to be used, is by the employment of subsidiary resist-
ances, or " choking coils," as they are called, which take the place
of the lamps when turned off. Fig. 9 shows this in a theoretical
diagram.
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With series transformers and series lamps, all danger from fire
risk is reduced to a minimum. No main fusible cut-out at the
transformer secondary poles need be used; for, as has been before

SERIES TRANSFORMER

SHARP & KENTS
CHOKING COILS

FIG. 9.

said, if a short-circuit occurs, the potential immediately drops, so
that the flow of current is consequently that due to the resistance
of the secondary helix, including the short-circuit. I have fre-
quently run series transformers on short-circuit, and no heating
has resulted, the potential at the terminals being imperceptible
on a voltmeter, whilst the current indicated by an ammeter in
the short-circuit was solely that due to the resistance of the
ammeter and the secondary circuit of the transformer itself.

Another difficulty that lies in the way of working transformers
in series is that experienced in maintaining a constant current
on the line ; and although many attempts have been made to do
this automatically whilst employing alternating-current machines,
no great success has as yet been attained.

Having briefly reviewed the system of working transformers
in series, and shown the objections inherent to that method, I
will now refer to the parallel system—upon which all present
installations are based—treating the subject in as practical a
manner as possible.

At the outset one important feature, inseparable from all
parallel systems of transmission of energy, may be mentioned,
especially since it shows how, by the use of transformers, diffi-
culties may easily be surmounted. '
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This is that the fall of potential along a line varies in pro-
portion as the current is increased when changes are made in
the load. The difference of potential between the source of
supply and the extremity of the line is small when the current
is small, but very considerable when a heavy current is used;
and consequently, if the lamps.near to the source be kept at a
constant pressure, those far off will vary according to the inter-
mediate load. In direct working this objection can only be met
by employing a conductor of such size as will render the
resistance of that conductor of no account, but then all con-
siderations of economy will have to be abandoned.

This difficulty has been experienced in all large direct-supply
works, since the fall of potential depends upon the ratio that
the amount of loss on the line itself "bears to the maximum
amount of work carried by the line, this in many cases being
quite 20 per cent. By employing a high potential, however, the
current to represent a given amount of energy may be so reduced
that this ratio may be made as low as 1 per cent., per mile;
and consequently transformers in parallel are capable of main-
taining practically the same potential in their secondary circuits,
irrespective of their position upon the line, or of the variation
of the load at intermediate points. The following figures may
make this matter clear:—

Suppose a dynamo giving an output of 150,000 watts,
equal to, say, 1,500 amperes and 100 volts. If the conductor be
proportioned so that one square inch of sectional area be used
for every 1,000 amperes, the size of the conductor necessary will
be 1*5 square inches. This conductor having a resistance of
about *028 ohms per mile (neglecting heat resistance), the loss
per mile on the line will be 1,500* x -028, or 63,000 watts—
equal to about 42 per cent, of the total output of the dynamo
per mile.

By the use of transformers, however, the same energy could
be transmitted over the same distance with a very different
percentage of loss. The output being 150,000 watts, may be
represented by a current of 50 amperes and 3,000 volts. The
resistance of a cable required"to carry this current, calculated on
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the same basis, would be about *864 ohms per mile, and the loss,
therefore, would be 50* x '864*, or 2,150 watts—equal to about
I *4 per cent, of the total load per mile.

These figures merely serve to show one of the enormous
advantages that are reaped by the employment of transformers
in the distribution of large amounts of electricity over great
distances.

With regard, now, to the practical working out of a system of
supply based upon parallel transformers, I will endeavour to show
what has hitherto been done, the methods employed, and the
results obtained.

The dynamo here claims our first attention, and, being the
generating source of supply, forms, perhaps, the main feature in
an electrical installation. In the first place, it must necessarily
be of what is known as the alternating type. Up to very lately
this class of machine had in this country received but a small
amount of attention; now, however, since the transformer system
has become known, and appreciated, several makers have gone
into the subject, and many marked improvements have resulted.
One of the chief of these is the employment of iron in the
armature, and such good results have been obtained by making
the mass of iron very considerable in both armature and field,
that this plan is now regularly adopted. One of the most
important points in this class of machine is self-regulation, more
especially with regard to small variations in potential; the
changes of load occurring on a supply system, which produce
extensive alterations in the external resistance of the circuit, and
consequently large variations in potential, being easily met in
other ways, such as by the introduction, either automatically or
by hand, of resistances into the exciting circuit, or by varying the
speed of the machine itself. As much as 2 volts per foot of wire
may be obtained from the armature of a dynamo without any
very considerable speed; and it is of importance to get this
amount, if not more, when we remember that the magnetising
effect of the current in the armature coils, as well as the amount
of self-induction, is proportional to the number of turns in the
coils. Now, since both are objectionable when amounting to much,
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high E.M.F. and steadiness of potential may be obtained by
greatly increasing the mass of iron, so that half saturation is
never exceeded. Some very large alternating-current dynamos
are now in use in this country, probably the largest being those
by Ferranti, employed at the Grosvenor Gfallery Central Station.
Others, by the same maker also, are now in hand for the new
supply works of the London Electric Supply Corporation, Limited,
at Deptford, whose dimensions appear rather formidable. Their
armatures are to be, I understand, about 42 feet in diameter, and
will be driven direct from quadruple expansion compound surface-
condensing engines of a marine type, indicating 5,000 H.P. each.

A type of alternating-current dynamo is shown in Figs. 10

KINGDOMS DYNAMO
FIG. 10.

and 11, which, though founded on a system previously known
and patented, has lately been altered so as to render it workable
and efficient by Mr. Kingdon, who, early in 1886, submitted to
me his ideas upon the subject. Those who had previously worked
in the same direction had failed to make a serviceable machine
from having overlooked the importance of laminating all the
iron acted upon electrically, as well as other minor details
requisite to make the idea practicable.

A series of bobbins, whose cores form parts of one whole
continuous iron structure made of laminated soft iron plates, are
divided into two divisions : one of these is rendered magnetic by
separate excitation, and is shown in the figure by black lines ;
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the other, as shown by dotted lines, is acted upon inductively by
the revolving laminated inductors, which may form part of the
fly-wheel of an engine. It will be seen that if the black bobbins

Fie. 11.

be coupled up and excited they will each have an alternate
polarity, and that if an iron armature or inductor be placed across
the pole of one of these bobbins and the pole of the next non-
excited bobbin, a current will be set up in the wire forming this
second bobbin, which current will tend to make its core of an
opposite polarity to the one next it, and which is joined with it by
the inductor. As the revolving inductor alternately connects the
induced bobbin with its neighbours, each of which has an opposite
polarity, it follows necessarily that the current that will flow in
the induced bobbin will be alternating.

I would draw your attention here to one striking feature in
this machine, viz., that the same mass of iron serves both for the
field magnets and the secondary coils, these all being, so to speak,
prolongations or teeth of the iron mass. A series of alternate
bobbins, excited and not excited, if magnetically connected in this
manner by revolving inductors, will yield a current from those
bobbins not separately excited, which current will depend for its
value upon the strength of the magnetic field due to the excited
bobbins, the" size of the-induced bobbins, the quantity and
dimension of the wire thereon, and the speed at which the
inductors revolve.
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Experiments made with a dynamo of this nature have so far
given very good results, some of the main advantages that may
be claimed for such a type of generator being that there is no
revolving or moving wire, no collectors and consequently loose
contacts; that the machine may be divided into separate
circuits, which, by means of a switch-board, can be easily varied;
and, lastly, that very great • simplicity of construction, and con-
sequent low cost, is obtained. The fly-wheel of the engine may
carry the inductors, and as this can easily be made of very great
size, slow-running machinery may be employed, with its conse-
quent advantages.

In designing supply works for electric lighting on a large
scale, I am of opinion that the employment of a few very large
dynamos, instead of a larger number of smaller ones, is a mistake,
and that, generally speaking, the output from each dynamo
should not exceed 10 per cent, of the total capacity of that
particular station. In all running machinery, be as careful as
one may, accidents will happen; hot bearings will, when least
expected, occur; and with a heavy load on an engine running
under such conditions serious damage may be caused, whilst, if a
stoppage be made, a very heavy proportion of the total output
will be affected. It is true that with a larger number of small
engines the initial cost is greater, the depreciation greater,
maintenance and attendance more costly; but, nevertheless, I am
inclined to think that these disadvantages are more than counter-
balanced by the greater security gained in subdividing the
producing plant to a larger extent, especially when it is
remembered how important it is in works of this nature that no
breakdown in the supply should occur.

It may be well to remark here that it has been found quite
practicable to couple alternating-current machines in parallel, so
as to throw them in and out of circuit whilst current is on the
line. Messrs. Zipernowski effected this some while ago, and I find
that the Westinghouse Electric Company also work their machines
thus. Practically speaking, all that is necessary is to synchronise
the dynamos, and whilst their alternations are thus synchronous
they can be coupled together or disconnected at will.
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I cannot speak from much experience myself on this subject,
having only experimented with some of Messrs. Siemens'
machines. I found, however, that whilst it was possible to
synchronise them and couple them in parallel, yet the slightest
thing would throw them out of gear, if I may so speak, and
destroy the balance. Even a small piece of waste falling on the
belt was sufficient to do this.

With dynamos, however, having a large mass of iron in the
armature, I believe it to be much more easy to couple them
together, and this may be the reason why others have had more
success than myself. The subject is an interesting one, and of
great importance, I think, in large central stations employing
alternating currents and transformers.

Until some practical means of electric storage, suitable for
installations of this nature, be devised, the whole question of
electrical distribution cannot be said to be completely solved.
In gas works plant can be laid down which will continually
produce gas, which can be stored and drawn upon during the
few hours in which the demand is greatest; but with electric
lighting, if carried out on a large scale upon this system, it is
necessary to furnish plant capable of meeting the maximum
demand, although such demand may only exist during one hour
in the twenty-four. This necessitates the machinery standing
idle during a part of the day, and consequently loss through
unprofitable employment of capital; hence it is most essential
that due care and forethought be exercised in arranging the
number and sizes of engines and dynamos in any specific
installation.

Two points now claim our attention, as they bear directly upon
the question of the dynamo. Shall this yield a current of the
potential required in the supply mains ? in other words, shall it
be a high-potential and small-current dynamo, or shall it be one
which gives out a large current at a lower potential? In the
latter case it will be necessary to pass this current through a
transformer which will convert the electricity supplied into its
required proportions, or, in other words, will raise the potential
and diminish the current. In actual practice I do not believe
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that this application at present exists. I had the advantage of
discussing the matter thoroughly in 1884 with Dr. Orazio loigo,
of New York, when he was in this country watching the early
experiments of Messrs. (xaulard & Gibbs on the Metropolitan
Railway, and we made some experiments which led me to con-
sider such an arrangement advisable in certain cases, and I have
no doubt that before long it will be put into use in certain in-
stallations now in contemplation. The arrangement is shown in
Fig. 16, where, however, two such main transformers are seen
coupled together, so as to supply current upon a three-wire
system.

I am inclined to believe that this employment of potential-
raising transformers, even with their attendant loss in the trans-
formation of the energy, offers advantages over direct working,
since the cost of construction of low-potential dynamos is less than
that of high ones, and greater reliability may be obtained, as well
as more perfect control over the supply into the mains.

Upon this subject, however, makers of alternating-current
machines may be able to enlighten us more fully, as the questions
involved apply more directly to details of construction in the
dynamos. These main transformers can of course be equally
applied, whether the other transformers be connected in parallel
or series upon the supply mains.

We will now turn our attention to the mains connected to the
primaries of the transformers supplying them with current for
transformation, as well as those delivering the current from the
secondaries. I usually term the former "supply mains," and
those which run from the secondaries into the lamp or other
receiving system " distributing mains," and as such I will herein-
after continue to refer to them.

Figs. 12, 13, 14, and 15 show theoretically various methods
of connecting transformers to the supply mains.

Fig. 12 shows one transformer in parallel arc to the supply
mains supplying lamps in parallel.

Fig. 13 shows two transformers coupled together in parallel,
and also in parallel with the supply mains, their secondaries
being also joined in parallel to the lamp circuit.
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Fig. 14 shows several transformers in parallel, their secondaries
being also all united in parallel, thus forming a network system
of distributing mains.

PIG. 12.

TIG. 13.

Fig. 15 shows a three-wire system of distribution, the dynamo
having two circuits, and the transformers being placed in parallel
across each of the two sets of supply mains. These mains would

FIG. 14.

of course be calculated upon the same lines as if an ordinary
direct-supply three-wire system were being erected.

I do not know whether this application exists in practice,
but it would offer advantages in many ways in a large under-
taking.

Since the supply mains have to carry currents of very high
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potential, it is advisable that their insulation from one another,
and from earth, be as high as possible, and consequently, where
feasible, it is better to put them above ground. Such, however,

FIG. 15.

is not always possible, as local authorities in some places, notably
in Paris, will not permit this, and the question of proper insu-
lation then becomes a serious matter. Another question also

FIG. 16.

involved, and one which makes an important feature to be con-
sidered, is the tendency that alternating currents have to break
down the dielectric of their conductors, especially when such con-
ductors are in close proximity to the earth ; and retardation of the
current under these conditions also comes into the question to an
extent not occurring with aerial lines. I know of but one supply
station working on this system with high-potential transformers
in parallel where the supply mains are placed under ground, and
this is at Tours, in France. M. Naze, the engineer who carried
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out the work, however, tells me that he has experienced but little
difficulty from these sources, although the installation has been
at work now for over two years. The mains, both supply and
distributing, are laid in earthenware troughs under the pavement
in the streets. Fig. 17 shows.in cross section an arrangement I
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FIG. 17.

would propose, which resembles in many respects that adopted at
Tours, and which I have reason to believe, would be found efficacious.
The troughs (rectangular in form) would be about 4 feet long
and 15 inches deep, having spigot and socket joints at the ends,
after the manner of ordinary socket pipes, so that complete
continuity could be maintained. Transverse pieces of wood,
resting upon longitudinal projections inside and on the sides of
the troughs, would serve to support the mains, both supply and
distributing; and a cover, recessed along each edge of its bottom
as shown, would make the conduit thus formed fairly water-
tight. This cover would also have lapped ends. Any leakage
that might occur into the trough would fall to the bottom, and
an arrangement for drain-off holes would be provided, so as to
keep the conduit clear from accumulated water. The transverse
wood joists in themselves offer a fair amount of insulation, and
if paraffined would be but little hygroscopic. The mains would
be led away, where required, into the houses through stuffing
glands in the sides of the troughs. Eepairs and alterations
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to connections could easily be effected in a conduit of this
description. The question involved is, in my opinion, of con-?
siderable importance, as sooner or later conductors for lighting
purposes will have to go underground in most of our European
cities.

Where the supply mains are erected overhead, they may be
either supported on poles fixed to the roofs of buildings, as has
been done in the supply system from the Grosvenor Grallery, or
they may be carried on poles which are placed along the roadways
or streets, as is usually the case in the United States.

Fig. 18 shows the top of the poles that are used by the

FIG. 18.

Westinghouse Electric Light Company, of Pittsburgh, and em-
ployed in most of their installations. It will be observed that
the transformer itself is supported and carried by the pole in an
arrangement devised by Mr. Stanley, of that company, which is
very complete and effective.

Generally speaking, where the supply mains are somewhat
heavy it is, in my opinion, advisable to suspend them on bearers,
having a factor of safety of at least ten times that of the strain to
which they would normally be subjected. The mains would be
suspended from these bearers by insulating rings encircling the
main, and attached by wire to the bearer at regular distances of
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about a yard. The bearers should themselves be of stranded
copper wire in cities like this, where free sulphur is so prevalent
in the air; and this has' lately been done in London, the old steel
bearers being replaced by the new copper wire ones. Possibly
phosphor-bronze would be very suitable for purposes of this
nature, as it possesses great tensile strength. Both bearers and
mains should be carried on insulators, which should have the
form of double shackles, as this enables branches to be taken off
without disturbing the line when up, and also affords greater
strength and solidity. When the Grrosvenor overhead circuit
was first put up for use with series transformers, Mr. Brougham
and I employed cast-iron boxes on the poles, into which the ends
of the supply mains were brought and sweated into insulated
brass sockets, as shown in Fig. 19 ; but although great care was

FIG. 19.

taken to close all the joints carefully, moisture to a considerable
amount collected inside, and they were ultimately abandoned.
In less humid climates, however, they might prove adaptable;
and if the transformer cases shown in Fig. 18 can be kept water-
tight, certainly these also should be so. The arrangement of
connection in these "junction boxes " explains itself.

One point of interest in connection with the use of bearers
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should be noted, which is that since the bearers run parallel
throughout their length with the supply mains, they become
inductively charged with electricity. Now, if the ends of the
bearers be left open, no current can flow through them; and
similarly with the case of a series transformer with the secondary
ends open: a counter electro-motive force is opposed to that
existent in the adjacent main, which, to a greater or less degree,
is retarded thereby. Hence it appears advisable to "close the
" bearer circuit," if such a term may be employed, and to close
it by means of lightning arresters to earth at each end. This is
not a " metallic" closing of the circuit, but somehow it appears
to produce the desired effect, and also at the same time affords a
protection to the line. I am speaking here of lines of several
miles in length; of course on shorter circuits the effect is not
considerable.

The distance between the two supply mains should be not
less than 12 inches ; and as, practically speaking, they are at
a given moment of opposite polarity, the effect of the current
flowing through them is, upon telephonic circuits even, almost
nil. Possibly some here may remember that when the (xrosvenor
supply station was started, almost two and a half years ago, havoc
was played with, the United Telephone Company's wires in that
part of London, and to a greater or less degree the effect was
felt throughout their whole system. We were then working
transformers in series, and consequently had but one wire; and
the annoyance grew to such an extent that the company com-
missioned Dr.-Hopkinson to meet Mr. Brougham and myself and
study the matter, to find a remedy, if possible, for the trouble
they suffered. After several experiments, we found that it was
only necessary to run a return wire, and the difficulty would cease,
which was at once done. I mention this fact as it may be of
interest now that telephone exchanges exist in almost every large
town, and the proprietors might raise difficulties in the way of
electric light enterprises based on the employment of alternating
currents, from the fear that their systems of telephonic com-
munication might be seriously affected and prejudiced.

One peculiar feature connected with electric lighting systems



1888.] SECONDARY GENERATORS OR TRANSFORMERS. 143

employing alternating currents I wish to bring to your notice,
as it may be of interest as well as instructive. It relates to the
use of lead-covered cables as conductors. In many ways these
cables offer advantages as regards mechanical protection which
are not possessed by others, but the mere fact of the existence of
this metal covering brings into play difficulties which might not
have been supposed likely to occur.

An installation has been erected in Aschersleben, in Germany,
by the National Company, owners of the Gaulard-Gibbs patents,
which lias for a long time worked successfully. When it was
first started, however, lead-covered wires were employed as supply
and distributing mains; and though great care was exercised in
laying them down, it was found that no insulation could be
maintained, as they were always breaking down and becoming
useless. The reason was due to this interesting fact—that the
alternating current flowing through the cable set up an induced
current in the lead covering, which at places along its length
used to spark across to the supports—at first very slightly, but
sooner or later to a considerable extent; the lead covering would
then at these places become melted, and so exposing and injuring
the dielectric, completely break down the insulation. The lead-
covered cables have since been discarded, and ordinary conductors
employed. It must be noted, however, that under any circum-
stances good insulation is difficult to maintain in this installation,
for Aschersleben being the site of chemical and salt works, every-
thing becomes more or less impregnated with that substance
after a time, and so the chances of a breakdown through imperfect
insulation are greatly enhanced.

In designing an extensive electric light installation in a town,
one of the main points to be considered is where the transformers
are to be placed. Generally speaking, two courses are open—
either to place a transformer in each house, or to locate trans-
formers at various places in the town with distributing mains from
them along the streets, overhead or underground, to supply the
houses as required.

In many cases the first method is preferable, where, as at the
Grosvenor Gallery central station, a supply is given to but a
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comparatively small number of the neighbouring houses, and
customers can be, as it were, selected, and where the installation
is in the first instance erected as an experiment. Under these
and similar conditions, transformers placed in each house to be
lighted is perhaps the best method of proceeding; but in all
installations based on a thoroughly practical design distributing
stations must be employed as a means of obtaining a more perfect
supply and control over the system. The transformers are thus
placed out of the reach of all but the company's servants, and
cannot be tampered with, whereby accidents are more easily
avoidable. The position of these transformers depends, of course,
upon the amount of lighting to be done in their neighbourhood,
and I prefer to so locate them that the furthest house supplied is
not more than 120 yards from the nearest transformer. This
allows but little fall of potential in the distributing mains from
each instrument, and, as Professor Forbes showed in his Cantor
Lectures before the Society of Arts, is about the most economical
distance at which lights can be worked.

The Westinghouse Electric Company, in their installations,
couple all their secondaries or distributing mains together through-
out the area lighted, thus equalising the potential over the
district, and also in the case of a breakdown of one transformer
preventing the extinction of the lights which were fed by that
particular instrument. This system is practically a " network"
system of distributing mains (see Fig. 14), and involves a large
amount of calculation in proportioning the sizes of the conductors,
especially of those which join one group with another, if an
installation to be thus carried out be properly and carefully gone
into. I believe in practice, however, our American friends do not
trouble themselves much with regard to this matter, but continue
on with the cables used in the neighbouring districts.

Transformers, when thus placed to supply districts, may be
located in cellars, in little street boxes under lock and key, or
may be placed on the poles as before described.

I have here a plan of the mains, supply and distributing,
worked out for the town of Port of Spain, Trinidad, which
installation will be an interesting one, from the extent of the
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area lighted. I have not adopted the network system in this
instance at present, on account of the scattered position of the
houses; but later on probably all the secondaries will be coupled
up, when the lighting in the town becomes general.

All transformers should be protected by fuses or cut-outs, and
one of these should be placed on each wire leading from the
supply mains to the instrument. On account of the high
potential employed, I prefer to use that kind which consists of a
thin wire of a length not less than six inches, having a weight,
such as a lump of plaster of Paris, in the middle, in order to
break the circuit quickly when the fuse goes. It is astonishing
the length of arc that can be maintained by a current of
2,400 volts when the circuit is broken, and therefore I think
these fuses should be long and well weighted. The secondaries
should also have fuses attached between the poles of the trans-
formers and the distributing mains, though these may be of the
ordinary type in use with low potentials.

A switch should be provided to open the circuit leading to the
primary poles of the transformer; and all switches which thus
control high-potential circuits should be made to snap open very
quickly, and be so constructed as to make it impossible that
they should remain in any other position than hard on or hard
off.

With regard to the wiring of houses and buildings supplied
with electricity by means of transformers, the rules in force in
ordinary installations are of course applicable throughout; but I
would remark that on no account should existing gas fittings be
utilised in any building, as the chances of a breakdown are very
considerably increased. At the Grosvenor Grallery supply station
this was brought forcibly to my notice on more than one occasion,
and I may mention one instance which occurred some two years
ago which will show you what risk is run when gaa fittings are so
employed.

In a large shop in New Bond Street some of the gas fittings
were utilised by the contractor for the attachment of glow lamps,
and all went well till one evening a short-circuit occurred on one
of the gasoliers, and the shop was left in darkness. They at once
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sent over to the Grallery to know what to do; and shortly after, a
servant came round from a consumer's house in Bruton Street to
say that all the lights were out, and in a few moments other
messengers came, informing us of further failures of the light
elsewhere on the supply circuit.

We found that the current had gone to earth at the shop in
Bond Street, destroying the insulation between the primary and
secondary of the transformer, and thus putting the primary
current to earth. A weak spot existing in the lamp wires at the
other house immediately developed itself in the same manner,
again breaking down the insulation and putting the primary
current to earth at that place as well. The result was that all
those consumers situated between the two breakdowns were left
in darkness, as the current traversed the earth, or rather the gas
pipes, between the two places where the breakdowns occurred,
instead of going through the line. When the two faulty trans-
formers had been switched out of circuit, the current again flowed
through the line and the intervening transformers, thus restoring
the supply.

I would remark that at that time the transformers were in
series, but I can quite conceive a similar state of affairs occurring
on a parallel supply system.

There appears no real necessity ever to use gas. fittings; but if
it be a question of expense, let them be entirely disconnected
from the gas pipes, and then of course they may be used as any
ordinary electric light fittings.

Every house, when supplied from distributing mains, should
have a main switch to control the supply within the building, and
where meters are employed this should be placed between the
meter and the main. Preferably these should be " double-pole "
switches. Fusible cut-outs ought also to be employed in the
house mains, and these should be proportioned to suit the maxi-
mum current supplied to the house.

In the States, the Westinghouse Electric Company employ
almost invariably glow lamps of 50 volts, as they find that these
last longer and are stronger than the ordinary 100-volt lamps.

I have now tried to lay before you and explain the general



1888.] SECONDARY GENERATORS OR TRANSFORMERS. 147

principles of electrical distribution by means of transformers,
without entering into theory or into other scientific and theoreti-
cal details which the subject involves, since such matter requires
independent discussion. My object has been to give you a
general outline of the principles involved, and their practical
application, as well as some of the experiences I have gained in
the matter since I first took it up with Messrs. Graulard & Oribbs
in 1883.

Before concluding, however, I would like to draw your atten-
tion to the results of some experiments made by Mr. William
Stanley, jun., of the Westinghouse Electric Company, and which
were briefly described in the American journal the Electrical
Engines of September, 1887. I have had no experience myself
of what he describes, and can only refer to him as my authority.

Figs. 20 and 21 will show the theory of his apparatus, which,
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FIG. 20.

by the way, he calls an "auto-converter," as it consists of but
one coil only, and no distinct primary and secondary circuits.

Fig. 21 shows one method of raising the potential by mean3
of this " auto-converter." A B is a converter consisting of a single
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coil, and as it is evident that one half of the coil acts to the other
half as the primary of an induction coil to its secondary, the
potential between A B is constant, and double that of A C.
A current of, say, 500 volts could be applied between the points
A C of the coil, and if A C were to equal C B, a current having
a potential double that of A C oould be taken off between A B—
in this case 1,000 volts.

500 VOLTS- • 5 0 0 V0LTS-

1000 VOLTS

<xxxxxxxxx>

FIG. 21.

Fig. 20 shows theoretically an auto-converter reducing the
potential. A B is a coil of one circuit only, and is divided into
four equal divisions, viz., A E, E D, D C, and C B. If the
potential between A and B be 400 volts, since the subdivisions
are equal, they will each have a fourth part of the initial potential,
and therefore may be employed individually to supply similar
receivers as shown. If the resistance between adjacent divisions
be equal, the arrangement becomes a series multiple coupling,
and the coil A B has no work to do, consequently losing nothing
by conversion. If, however, the resistance between any two
adjacent divisions is varied—say, for instance, increased—then that
portion of the coil A B included between those divisions acts as
a primary to the rest of the coil, and the potential difference
between all the branches remains constant.

From this it appears that the coil acts only to supply an
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induced current to such resistances in any division as are less
than the resistance of the neighbouring branches, and therefore
the loss due to conversion is simply that due to the conversion
of the current flowing through the algebraic sum of the resistances
of the separate branches or divisions. This form of converter
possesses the same merit in potential distribution that the three-
wire system does in the direct system.

I am not aware whether these auto-converters have been used
in practice, and I feel considerable doubt as to what the result
might be. One difficulty which appears likely to stand in the
way of success with such a system of conversion is that as the
high-potential mains are directly connected to the lamp or other
receiver circuits, not only are such receivers placed at an equal
potential above the earth with the main, but any failure or
breakdown in the insulation of the receiver circuits would result
in a tendency to destroy the whole insulation of the system, not
only at the particular instrument directly connected to the fault,
but along the whole line. When breakdowns occur in the
insulation between the secondary of an ordinary two-circuit
transformer and the earth, there is, at any rate, the insulation
between the secondary and primary existing as. a safeguard
against putting the primary also to earth.

I will now conclude by referring you to Figs. 22 and 23,
which will graphically show you what the development of
electrical distribution by transformers or secondary generators
has done towards lessening the cost of a general electric supply j
although, instead of " lessening the cost," we should, I think, say
" rendering electric supply 'possible" The figures are taken from
Dr. F. L. Pope's article to the American journal before men-
tioned. In Fig. 22, A, B, and C are drawn double the natural
size, but show proportionally the area of cross section of the total
mass of copper necessary to supply 5,000 16-c.p. glow lamps,
situated at a mean distance of 4,000 feet from the dynamo. A
refers to the three-wire system, working at a potential of 200 volts,
with a fall of potential or loss of energy in the feeders of 10 per
cent.—the usual conditions under which this system is worked.
B shows the size of conductor required for the same work in an
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installation based on the transformer system, allowing 2*5 per
cent, loss in the supply mains—only one-fourth as much as in
the direct system. If this loss were increased and made equal

P
c

FIG. 22.

to that in the direct system, viz., 10 per cent., the size of
conductor would be that shown at C.

Fig. 23 shows what the relative cost would be between each
of the three conditions just named. This.speaks for itself.

ess 213

FIG. 23.

I believe you will agree with me that the introduction of
transformers as applied to electric distribution is the greatest
step forward that has been made since the great Electrical
Exhibition in Paris of 1881.

I append a list of towns in which, as far as I can ascertain
up to the present moment, alternating current and transformer
supply stations exist, giving the approximate number of lights
supplied ; but it must of necessity be incomplete, through causes
which those who have also tried to collect statistics can
appreciate.

CENTRAL ELECTRIC LIGHT STATIONS ON THE TRANSFORMER

SYSTEM.

Approximate Equivalent Output in 16-c.p. Lamps.

ENGLAND. . .

London (Grrosvenor Grallery) about 8,700... Ferranti.
Brighton ... ... ... ... ... Lowrie-Hall.
Eastbourne ... ... ••• „
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Cathcart
Glasgow :..

Tours... •

Aschersleben...

Tivoli

SCOTLAND.

about 500
600

FRANCE.

about 2,000

GERMANY.

about 1,000

ITALY.

about 450

UNITED STATES.

Austin, Texas ...
Beaver Dam, Wis.
Galveston, Tex
Denver, Col.
Steubenville, Ohio
Ouray, Col.
Tyrone, Pa.
Charlestown W., Va.
Morristown, N.J.
Parkersburg W., Va. ...
Trenton, N.J. ... ...
New Orleans, La.
Tampa, Fla. ... ...
Springfield, Mass.
Pittsburgh, Pa.. . .

„ „ (East End)
Buffalo, N.Y
Greensburg, Pa.
Torrington, Ct. ...
Littleton, N.H
Phila, Pa
Stapleton, Staten Island
Savannah, Ga. ...
Portland, Me
Easton, Md
Colorado Springs, Col. ...

1,300
... 1,300

1,300
... 7,000
... 1,000

. ... 300
... 1,300

650
650

... 2,000

... 5,200

... 5,200
600

... 2,000

... 12,000

... 2,000
... 2,000

1,300
... 1,300

650
... 2,600
... 2,000
... 1,300

650
650

1,300

... Rankin-Kennedy

„

Gaulard-Gibbs

Gaulard-Gibbs

Gaulard-Gibbs

Westinghouse

„
... „

„
„
»
„
„

„
„

... „
,,

... „
„

. . . 55

, 5

„
„
„
„

... „

. . . 55

„
„

. . . j ,


